Imaging signatures of altered brain responses in small-fiber neuropathy: reduced functional connectivity of the limbic system after peripheral nerve degeneration.
Small-fiber neuropathy (SFN) is hallmarked by degeneration of small unmyelinated peripheral nerve fibers in the skin. Traditionally, it has been considered as a pure disorder of the peripheral nervous system. Nevertheless, previous work found that dysfunction of skin nerves led to abnormal recruitment of pain-related regions, suggesting that the brain may be affected in SFN. This report combined structural and functional magnetic resonance imaging to identify structural and functional changes in the brain of 19 patients with SFN compared with 17 healthy controls. We applied tensor-based morphometry to detect brain structural alterations in SFN. Greater volume reduction in pain-processing regions, particularly the bilateral anterior cingulate cortices (ACCs), was associated with greater depletion of intraepidermal nerve fibers, a pathological biomarker of skin nerve degeneration. Based on the hypothesis that structural alterations in the pain-processing regions might impair their functional connectivity, we further applied psychophysiological interaction analysis to assess functional connectivity of the ACCs during noxious heat stimulation. There was significant reduction in functional connectivity from the ACCs to the limbic areas (the parahippocampal gyrus and the posterior cingulate cortex), pain-processing area (the insula), and visuospatial areas (the cuneus). Moreover, the degree of reduction in functional connectivity for the ACC to the amygdala and the precuneus was linearly correlated with the severity of intraepidermal nerve fiber depletion. Our findings suggest that SFN is not a pure peripheral nervous system disorder. The pain-related brain networks tend to break into functionally independent components, with severity linked to the degree of skin nerve degeneration.